INTRODUCTION {#sec1-1}
============

The root canal system is the clinician\'s road to success. About 30 years ago, Schilder introduced the concept of \"cleaning and shaping\" and \"three-dimensional obturation,\" which are inseparable.\[[@ref1]\]

Many studies have shown that apical periodontitis is caused by intracanal bacteria.\[[@ref2]\] Treatment of apical periodontitis involves a combination of disinfection of the root canal space through chemomechanical means\[[@ref3]\] and sealing both the root canal and access cavity with material that will prevent reinfection.\[[@ref4]\] In fact, some have claimed that the success in endodontics is related more to the quality of the coronal restoration than to the filling of the canal, even though the depth of the root filling is always more than that of the coronal restoration.\[[@ref4]\]

Studies have shown that there is reduction in intracanal bacteria after using nickel--titanium rotary instrumentation and various medications.\[[@ref5]\] A study has shown that when gutta-percha filled canals were challenged by bacteria, 50% allowed penetration through the entire length of the canal within 30 days,\[[@ref6]\] which seems that a root filling containing gutta-percha is the weak point in endodontic therapy.\[[@ref7]\]

Recent study has shown that when using the fiberfill obutrator, a resin fiber post with 5--8 mm of gutta-percha apically and a resin-bonding sealer, there was a 50% improvement in the prevention of bacterial leakage compared with the standard gutta-percha technique. This study suggested that a resin core root canal filling that could bond to the root canal walls is desirable.

There is constant research for a material that should have an excellent apical fit, be bonded with a dentin bonding system to a resin sealer, and the sealer itself should bond to the canal wall.\[[@ref8]\]

One such endodontic obturation material recently introduced to the dental market is Resilon. It is a thermoplastic synthetic polymer-based root canal filling material. It performs like gutta-percha, has the same handling properties, and retreatment purposes may be same as that of gutta-percha. In addition, Resilon pellets are available, which can be used for the backfill in the warm thermoplasticized techniques. The sealer, epiphany root canal sealant is a dual curable dental resin composite sealer.\[[@ref9]\]

The purpose of this study was to examine the resistance of bacterial penetration between Resilon and gutta-percha during a 30-days period using two different obturating techniques.

Aims and objectives {#sec2-1}
-------------------

To compare bacterial leakage using *Streptococcus mutans* through gutta-percha and a thermoplastic synthetic polymer-based root canal filling material (Resilon) using two filling techniques.

MATERIALS AND METHODS {#sec1-2}
=====================

Method of collection of data {#sec2-2}
----------------------------

A total of 90 single-rooted extracted human teeth were subjected for the study. The teeth were stored in 2% thymol solution until use. The teeth were immersed in 5% sodium hypochlorite for approximately 15 minutes to remove organic material from the root structure.

All the samples were decoronated and the coronal surfaces of the roots were prepared perpendicular to the long axis of the root with a high-speed handpiece and a straight fissure bur using air water spray. The length of all the roots was prepared approximately 16 mm from the coronal surface to the apex of the root. The working length was established with size 15 k-file (Dentsply maillefer, Tulsa, OK), 0.5--1 mm short of the minor foramen. The 15 size k-file was passed through the apical foramen of the canal before and after instrumentation to ensure patency. A total of 15 ml of 1.25% sodium hypochlorite was used for the irrigation during instrumentation; 5 ml of 17% EDTA rinses was used during and after instrumentation to remove the smear layer.

The instrumentation was performed using profile 0.04% taper nickel titanium rotary instruments to size 35 up to the working length. The root canals were dried with sterile paper points before filling.

The roots were divided randomly into 9 groups of 10 each {#sec2-3}
--------------------------------------------------------

Lateral condensation was performed in Group 1 (35 size, 4% gutta-percha, and AH26 sealer), G roup 3 (35 size, 4% gutta-percha, and epiphany sealer), Group 5 (35 size, 4% Resilon cones, and epiphany sealer).

Vertical condensation was performed in Group 2 (35 size, 4% gutta-percha, and AH26 sealer), Group 4 (35 size, 4% gutta-percha, with epiphany sealer), and Group 6 (35 size, 4% Resilon, and epiphany sealer). A back fill with E and Q plus was performed using gutta-percha in Group 2, Group 4, and back fill was performed in Group 6 using Resilon.

After obturation, the excess gutta-percha was removed with the hot instrument. Sticky wax was softened over open flame and painted over the entire root surface to seal it except the apical 2 mm and coronal orifice, which were left free of sticky wax.

Method of using epiphany sealer {#sec2-4}
-------------------------------

Dispense 2 to 3 drops of epiphany primer into a mixing well provided by the manufacturer. Fill the root canal space with the primer using a paper point. Use dry paper points to absorb excess primer. Dispense the sealer onto a mixing pad. If desired, adjust the viscosity of the sealer with epiphany thinning liquid. Apply sealer to the walls of the canal using master cone coated with sealer. Then roots were filled with either gutta-percha or Resilon points using either lateral condensation or vertical condensation techniques.

Control groups {#sec2-5}
--------------

Group 7: Positive control obturated with gutta-percha without sealer.

Roots were filled with gutta-percha without sealer. Sticky wax covered the root surface as in Group 1.

Group 8 : Positive control obturated with Resilon without sealer.

Roots were filled with Resilon but without sealer. Sticky wax covered the root surface as in Group 1.

Group 9: Negative control obturated with gutta-percha and Resilon without sealer. Sticky wax completely covered the surface of the root as well as the canal orifice coronally.

All the teeth were stored in dampened gauze and enclosed in sealed tubes and kept in incubator for 14 days at 37°C to allow the sealer to set.

Bacterial leakage experiment {#sec2-6}
----------------------------

The microbial leakage model consisted of an upper chamber and a lower chamber as described by Torabinejad *et al*.\[[@ref6]\] The upper chamber consist of 15 ml centrifugal tube. A hole was prepared at the bottom of the centrifugal tubes. The tooth was inserted into the tube and gently pushed through the opening until approximately one-half of it protruded through the tube. The space between the tube and the tooth was then sealed with sticky wax. Approximately 4 mm of root remained in the upper chamber.

The upper chamber consist of 10 ml of WC broth (Wilkins--Chalgrens broth), which was inserted into the lower chamber consisting of 20 ml clear vial. Basal broth with phenol red indicator to which 2% added sucrose was placed in the vial.

*S. mutans* (MTCC497) was grown in 10 ml of WC broth during 24 hours. The bacteria were identified using selective media and morphology, i.e., gram stained on colonies harvested from MSB (mitis/salivaris/bacitracin) agar plate. After 48 hours, *S. mutans* was added to 10 ml WC broth adjusting the optical density to 0.2OD~660nm.~ A total of 0.2 ml of the adjusted bacterial suspension was added to the centrifugal tube containing 10 ml of WC broth. On every second day, 9 ml of broth was removed from the centrifugal tubes and replaced with fresh broth. The centrifugal cap was replaced to prevent evaporation and contamination. The specimens were placed in an incubator at 35°C. Specimens were checked for a change in color of the ph indicator from red to yellow, every 24 hours during a period of 30 days, which indicated a positive result (metabolism as acid production).

Scanning electron microscope preparation {#sec2-7}
----------------------------------------

At completion of study, two Resilon and two gutta-percha specimens were randomly chosen. Each specimen was longitudinally sectioned so that dentin-filling interface could be obtained. They were mounted onto a scanning electron microscope specimen stub and coated with a gold palladium film. Specimens were viewed under scanning electron microscope. Digital images were obtained \[Figures [1](#F1){ref-type="fig"}[2](#F2){ref-type="fig"}\].

![Longitudinal section of a root filled with gutta-per-cha sem (×1000) micrograph](JCD-14-21-g001){#F1}

![Longitudinal section of a root filled with Resilon sem (×1000) micrograph](JCD-14-21-g002){#F2}

RESULTS {#sec1-3}
=======

The results were statistically analyzed using Kruskal--Wallis test and Mann--Whitney U test.

The mean, median, maximum and minimum days, number of specimen leaked, and percentage of each group leaked is summarized in [Table 1](#T1){ref-type="table"}.

###### 

The mean, median, maximum and minimum days, number of specimen leaked (figure:11), and percentage of each group leaked (Figure:10)

![](JCD-14-21-g003)

The comparison of leakage between each tested groups and related information in terms of mean, standard deviation, median, and range is presented in [Table 2](#T2){ref-type="table"}.

###### 

The comparison of leakage between each tested groups

![](JCD-14-21-g004)

Mann--Whitney U test compared the respective groups and the Resilon groups were found to be superior to the gutta-percha groups with respect to the number and rate that the specimens in each group leaked (*p*\<0.05), which means gutta-percha groups took less number of days for the leakage when compared with Resilon groups and also the number of gutta-percha specimen which showed that leakage were more when compared with Resilon groups.

There was no statistically significant difference in leakage between Resilon groups.

Formula used for Kruskal-Wallis ANOVA

DISCUSSION {#sec1-4}
==========

One of the most vital steps in endodontic therapy is obturation (or) obliteration of the pulp space. Ideal obturation aims to achieve a three-dimensional hermetic seal that will prevent periapical percolation, resist reinfection, and create a favorable biological environment to enable tissue healing.

Gutta-percha is a material that is being used from many decades to fill the root canal. It contains zinc oxide (59--75%) as filler, gutta-percha (19--22%) as matrix, with a remaining small percentage a combination of various waxes, coloring agents, and antioxidants. But even by the most technically proficient operator, obturation with gutta-percha will not result in a seal that is dependable during long term. In fact, as stated earlier, the coronal restoration is more likely the reason for success during the long term than the gutta-percha fill.\[[@ref7]\] Few authors argue that gutta-percha should be replaced by a material that would better seal the root canal.

In this study, *S. mutans* is used to test the leakage through the root canal system. *S. mutans* is a facultative bacterium, which is one of the predominant microbes in failed, previously treated root canals.\[[@ref10]\] So this bacterium seems relevant to clinical practice.

There are various *in vitro* studies conducted that showed that gutta-percha fillings leak at a rapid rate.\[[@ref6][@ref7]\] Thus it would be advantageous to replace the gutta-percha with an obturating material that prevents leakage at all levels of the root canal system.

Resilon, a thermoplastic synthetic polymer-based root canal obturating material, has been developed, which has the same handling properties as that of gutta-percha. It is based on polymer of polyester. It contains bioactive glass, bismuth oxychloride, and barium sulfate. The overall filler content is approximately 65% by weight.

A good sealer should be biocompatible and well tolerated by the periradicular tissue. Ideally, further directions should focus on materials that penetrate the patent dentinal tubules, bind intimately to both organic and inorganic phases of dentin, neutralize or destroy microorganisms and their products, predictably induce a cemental regenerative response, and strengthen the root system. The delivery system of such materials requires ease of placement with a rapid and thorough set once placed in the canal system.

Epiphany sealer is one such material introduced by Pentron Clinical Technologies, which has all the properties of ideal sealer mentioned above.

Epiphany sealer is a dual curable dental resin composite sealer. The resin matrix is a mixture of BisGMA, ethoxylated methacrylates. It contains fillers of calcium hydroxide, barium sulfate barium glass, and silica. The total filler content in the sealer is approximately 70% by weight. Forty seconds of light will cure the coronal 2 mm of the canal, whereas the entire filling will self-cure in approximately 15--30 minutes.\[[@ref11]\]

Studies have shown that epiphany sealer is less cytotoxic than Grossman\'s sealer but more cytotoxic than seal apex sealer at the 1-hour time period.\[[@ref12]\] Studies have compared different obturating techniques and results have shown that microbial coronal leakage occurs more quickly using lateral condensation than with the System B continuous wave of condensation and Obtura II backfill.\[[@ref13]\]

Resilon shrinks only 0.5% after application of heat when compared with gutta-percha, which shrinks 5--7%.\[[@ref14]\] In case of retreatment, Resilon can be softened and dissolved like gutta-percha with solvents like chloroform.\[[@ref9]\] Resilon/epiphany sealer can be removed faster with K3 rotary system when compared to gutta-percha and AH26 whenever condition demands retreatment.\[[@ref15]\]

A study showed that using Profile 0.06 rotary files combined with chloroform resulted in faster removal of the Resilon obturation material. Stereomicroscope and electron microscopy showed cleaner canal walls in the apical third of the teeth obturated with Resilon when compared to gutta-percha (*P* \< 0.05), after retreatment.\[[@ref16]\]

The bond strength of smear layer to the underlying dentin is weak, approximately 5 MPa.\[[@ref15]\] This cannot withstand the shrinkage associated with curing of resins. The resin pull the smear layer from the dentin and provide an avenue for microleakage.\[[@ref9]\] In this study, 17% EDTA is used during and after the instrumentation to remove the smear layer and decrease coronal leakage.

In addition to 17% EDTA, epiphany primer was applied to the dentin walls of the root canals that were to be filled with Resilon. Epiphany primer is self-etch primer that contains sulfonic acid terminated functional manomer, HEMA, water, and polymerization initiator.\[[@ref9]\] The preparation of the dentin through these chemical agents may prevent shrinkage of the resin filling away from the dentinal wall and aid in sealing the roots filled with Resilon.

Results of this study showed that Group 1 (roots filled with gutta-percha and AH26 sealer, using lateral condensation) and Group 2 (roots filled with gutta-percha and AH26 sealer, using warm vertical condensation) showed less microleakage; however, there was no statistically significant difference when compared with Group 3 (roots filled with gutta-percha and epiphany sealer, using lateral condensation) and Group 4 (roots filled with gutta-percha and epiphany sealer, using warm vertical condensation)

These results are in agreement with the previous study.

A study compared microbial leakage in roots filled with both gutta-percha and Resilon. This study used both lateral and vertical condensation technique to fill the root canals. The result showed that the gutta-percha and AH26 sealer showed less microbial leakage when compared with gutta-percha and epiphany sealer.\[[@ref9]\]

The Group 5 (roots filled with Resilon and epiphany sealer using lateral condensation) and Group 6 (roots filled with Resilon and epiphany sealer using warm vertical condensation) showed less leakage and statistically significant difference when compared with Group 1 (roots filled with gutta-percha and AH26 sealer using lateral condensation), Group 2 (roots filled with gutta-percha and AH26 sealer using warm vertical condensation), Group 3 (roots filled with gutta-percha and epiphany sealer using lateral condensation), and Group 4 (roots filled with gutta-percha and epiphany sealer using warm vertical condensation).

These results are in agreement with previous following studies.

A study compared dye leakage in root canals filled with Resilon/epiphany and those in which gutta-percha was filled. The results showed that Resilon/epiphany creates a chemical bond with the internal tooth structure over the entire root area that is maintained over time, thus representing a better option than gutta-percha.\[[@ref17]\]

A study compared the leakage allowed by different obturation materials, using a fluid infiltration method. The specimens were obturated by the lateral condensation with gutta-percha and AH26 and epiphany sealer and Resilon core material. The results showed that least leakage was seen with epiphany sealer and Resilon core material.\[[@ref18]\]

The probable reasons for less microbial leakage for Resilon and epiphany sealers are as follows:

Resilon obturating points when used with resin sealer and self-etched primer after smear layer removal, a monoblock (a material which is contiguous from its resin tags in cleared dentinal tubules through sealer to the core canal filler) can be produced.\[[@ref19]\]

a\) Resilon showed 0.5% shrinkage on application of heat where as gutta-percha showed 5--7% of shrinkage. When heat was applied, unlike gutta-percha, Resilon was physically bonded to the sealer by polymerization, so no gaps were present due to shrinkage.\[[@ref14]\]

b\) The epiphany sealer used with Resilon is dual cure sealer. The coronal 2 mm of the canal filling is polymerized with a curing light, thereby enhancing coronal seal and binding direct to both the core material and dentin.\[[@ref14]\]

c\) 0.04% taper Resilon allowed more penetration of NiTi spreader when compared with 0.04% taper gutta-percha. This resulted in good condensation of Resilon than gutta-percha.\[[@ref20]\]

d\) To check whether sealer is critical for the seal provided by Resilon obturating system, two positive control groups were used. In one group, 10 specimens were filled with gutta-percha without sealer and in other group 10 specimens were filled with Resilon without sealer. Both of these groups without sealer leaked within 24 hours. This showed that as with gutta-percha, the sealer is critical for the seal provided by the Resilon material.

To check the seal between upper chamber (centrifugal tube) and lower chamber (vial), negative control group (Group 9) was used. None of the specimens showed leakage in this group.

The findings of this study when evaluated by scanning electron microscopy showed the similar findings. This is in agreement with previous study.

A review has showed the presence of gap between gutta-percha and AH26 sealer when the longitudinal section of root filled with gutta-percha and AH26 sealer was observed under scanning electron microscope.\[[@ref19]\]

CONCLUSIONS {#sec1-5}
===========

The following conclusion can be drawn from this study:

Resilon, a polymer-based root canal obturating material is found to be superior when compared to gutta-percha in resisting microbial leakage.

Both lateral condensation as well as vertical condensation were found to be good for obturating Resilon.

However additional *in vivo* and *in vitro* tests and clinical trial are desirable in order to elucidate the effectiveness of the new polymer based root canal obturating material (Resilon).
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